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Diffractive Final States with the HI Detector at HERA 
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Abstract. Recent measurements of diffractive dijet and charm quark production in electron-proton colli- 
sions using the HI detector at HERA are presented, where the exchanged photon is either almost real or 
highly virtual. The data are compared with leading and next-to-leading order QCD calculations based on 
the diffractive parton distributions obtained from a recent DGLAP QCD analysis of HI inclusive diffractive 
deep-inelastic scattering data, thus testing QCD factorization in diffractive ep interactions. 
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1 Introduction 

Understanding diffraction in hadronic interactions at high 
energies, where at least one of the beam hadrons remains 
intact, losing only a small fraction xp of its incident longi- 
tudinal momentum, represents one of the most important 
challenges in Quantum Chromodynamics (QCD). The ep 
collider HERA offers the unique possibility to study hard 
diffractive processes, such as dijet and heavy quark pro- 
duction, over a wide range of photon virtualities Q 2 . 

Recent high precision measurements of the inclusive 
diffractive deep-inelastic scattering (DIS) cross section by 
the HI collaboration [1] have been used to extract diffrac- 
tive parton distributions (dpdf 's) of the proton by means 
of a DGLAP QCD fit. If QCD factorization is valid in 
diffractive ep scattering, these dpdf's are universal and 
can be used to predict cross sections for exclusive hard 
diffractive processes such as jet and heavy quark produc- 
tion. 

The proof of QCD factorization in diffractive ep in- 
teractions [2] is restricted to deep-inelastic scattering at 
large Q 2 and not valid for the case of an almost real pho- 
ton (photoproduction). Furthermore, a severe breakdown 
of factorization has been observed when using dpdf's ob- 
tained at HERA to predict diffractive jet production in 
hadron-hadron interactions at the Tevatron [3] . 

Here, QCD factorization is tested in DIS to next-to- 
leading order (NLO) by comparing cross section measure- 
ments for dijet and D* meson production in diffractive 
DIS with predictions obtained from convoluting the dpdf's 
from [1] with NLO order matrix elements for dijet and 
charm quark production [4]. In addition, diffractive dijet 
photoproduction data are compared with leading order 
(LO) Monte Carlo predictions [5]. 
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1.1 Kinematics 

Fig. 1 shows an example diagram for diffractive dijet or 
charm quark production at HERA. 

The photon (virtual- 
ly Q 2 ) emitted from the 
beam electron (not shown) 
interacts with the proton, 
which loses only a small 
fraction x p of its incident 
momentum and stays in- 
tact. The longitudinal mo- 
mentum fraction of the 
parton entering the hard 
scattering process relative 
to the diffractive exchange 
is labelled zp. A pair of 
high transverse momen- 
tum (pt) jets or heavy 
quarks is produced. The 
photon-proton centre-of-mass energy is labelled W and 
the invariant masses of the diffractively produced system 
and of the two partons emerging from the hard sub-process 
are denoted Mx and M12, respectively. The inelasticity 
variable y is given by ys = W 2 +Q 2 , where s is the squared 
ep centre-of-mass energy. 



1.2 HI Diffractive Parton Distributions 

QCD factorization permits to express the diffractive DIS 
7*p cross section as a convolution of diffractive parton 
distributions pf and partonic cross sections <r 7 % : 



Fig. 1. Diagram for diffrac- 
tive jet or charm production at 
HERA. 
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where t is the squared 4-momentum transferred at the pro- 
ton vertex. The dpdf 's are universal and obey the DGLAP 
evolution equations. In the QCD fit to the HI inclusive 
diffractive DIS data in [1], Regge factorization was as- 
sumed as well (consistent with the data within the present 
level of precision), i.e. 

Pi > {x ) Q 2 ,x P ,t) = fp(x P ,t) pf(z = x/x P ,Q 2 ) , (2) 

so that the shape of the dpdf's is independent of xp,t 
and the normalization is controlled by a flux factor fp, 
for which a value for the pomeron intercept ap(0) = 1.173 
is used. The parton distributions pf , as determined from 
both the LO and NLO QCD fits, are dominated by the 
gluon density and extend to large fractional momenta z. 



2 Dijet Production in Diffractive DIS 

To test QCD factorization for diffractive dijet production 
in DIS, the HI cross sections from [6] were used, corre- 
sponding to the kinematic range 4 < Q 2 < 80 GeV 2 and 
xp < 0.05. The cross sections were corrected to asym- 
metric cuts on the jet transverse momentum Pr,i(2) > 
5(4) GeV, to facilitate comparisons with NLO calcula- 
tions. 

The NLO dpdf's ob- 
tained in [1] were convo- 
luted with NLO matrix el- 
ements for dijet produc- 
tion by means of the DIS- 
ENT [7] program, as sug- 
gested in [8]. The renor- 
malization and factoriza- 
tion scales were set to 
the average pr of the two 
highest pt partons. a s was 
set via A^0 D = 200 MeV, 
as in the QCD fit. To al- 
low comparisons with the 
measured data, the same 
jet algorithm as for the 
data, as well as hadroniza- 
tion corrections, were ap- 
plied. 

Comparisons of the 
LO and NLO QCD calcu- 
lations with the dijet data 
are shown in Figs. 2 and 3. 
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Fig. 2. Diffractive DIS dijet 
cross section as a function of 
Zp ts \ an estimator for the 
parton momentum fraction of 
the diffractive exchange enter- 
ing the hard subprocess. 



The size of the NLO corrections is on average more than 
a factor 2 (increasing with decreasing px and Q 2 )- The 
inner error band of the NLO calculations represents the 
renormalization scale uncertainty, whereas the outer band 
includes the uncertainty in the hadronization corrections. 
Within the uncertainties, the data are well described in 
both shape and normalization by the NLO calculations 
based on the dpdf's from [1], in agreement with QCD fac- 
torization. 
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Fig. 3. Diffractive DIS dijet cross sections differential in Q 2 
W, log 10 xp and the average dijet pseudorapidity (77) a £ ts . 
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Fig. 4. Diffractive DIS D* meson cross sections differential in 
Q 2 , Pt,d*> Vd* and xp. 



3 D* Meson Production in Diffractive DIS 



In [9], cross sections for D* meson production in diffractive 
DIS were published for the kinematic range 2 < Q 2 < 
100 GeV 2 , xp < 0.04 a,ndp^ D , > 2 GeV, where the latter 
variable corresponds to the transverse momentum of the 
D* meson in the photon-proton centre-of-mass frame. 
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H1 Diffractive yp Dijets 
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Fig. 5. Diffractive dijet photoproduction cross sections differ- 



ential in Zp ta and xi^ ts 



Both LO and NLO QCD calculations were performed 
using the diffractive version [10] of HVQDIS [11], inter- 
faced to the HI dpdf's. The renormalization and factor- 
ization scales were set to fi 2 = Q 2 + 4m 2 . Further param- 
eter values are a charm quark mass of m c = 1.5 GeV, a 
c — > D* hadronization fraction of f(c — > D*) = 0.233 and 
e = 0.078 for the used Peterson fragmentation function. 

A comparison of the calculations with the D* data is 
shown in Fig. 4. The inner error band of the NLO cal- 
culation represents the renormalization scale uncertainty, 
whereas the outer error band includes variations of m c and 
e. Within the uncertainties, the data are well described in 
both shape and normalization by the NLO calculations, 
using the dpdf's from [1], supporting the idea of QCD 
factorization. 



4 Dijets in Diffractive Photoproduction 



In [5], HI has presented a measurement of diffractive dijet 
photoproduction, i.e. for Q 2 ~ 0. The cross sections cor- 
respond to the kinematic range Q 2 < 0.01 GeV 2 , 0.3 < 
y < 0.65, xp < 0.03 and Pt,i(2) > 5(4) GeV, where jets 
are defined using the kx algorithm. 

The data are compared in Figs. 5 (absolute cross sec- 
tions) and 6 (normalized cross sections) with LO Monte 
Carlo predictions using both the LO version of the dpdf's 
from [1], as well as an earlier version from [12]. xt^ ts is an 
estimator for the momentum fraction of the photon enter- 
ing the hard process, which is used to distinguish between 
direct and resolved photon interactions, where in the latter 
case the photon develops hadronic structure, and a parton 
from the photon with momentum fraction x-y enters the 
hard process. 

For both direct and resolved interactions, the dijet 
data are well described by the Monte Carlo predictions if 
the new HI dpdf's from [1] are used. Thus, the data are not 
consistent with a breakdown of factorization even in re- 
solved photoproduction, which resembles hadron-hadron 
scattering where the presence of the second hadron may 
lead to a suppression of the rate of diffractive events due 
to spectator interactions. 
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Fig. 6. Normalized diffractive dijet photoproduction cross sec- 
tions differential in y, p^ et , Mx and M12. 

5 Conclusions 

The new HI diffractive parton distributions have been in- 
terfaced with NLO QCD calculations and compared with 
dijet and D* production data in diffractive DIS. The good 
agreement within the uncertainties lends support for the 
validity of QCD factorization in diffractive DIS, now tested 
to next-to-leading order. In addition, also photoproduc- 
tion diffractive dijet measurements are described in shape 
and normalization by Monte Carlo predictions using these 
dpdf's, not indicating any breakdown of factorization in 
diffractive ep interactions at HERA. 
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